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ABSTRACT

-The vacuum thermal decompositions of the combustion

intermediates from the reaction of N20 4 with N2 H4 have been

investigated- The identity and concentrations cf the evolved

gaseous products from mononitrate and dinitrate salts of

hydrazine as well as amynoniurn nitrate were determined at

successive temperatures until the thermolyses were com-

pleted, with a mass spectrometer and differential thermal

analyzer.
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L LNTRODUCTI&Y

Hydnazin-e and alkylated drvtesin cornbiiation riliN 2 OD. have

been used for some t"-'e in liquid bipropralban± rocket motortS The

propulsion systemns utilizing these propellants bave, at fints entoumtered

difficulty 4urizng rapid start and restart zond-iions u-nder "-pressure

enironrnen s: where cofl3ee comnbustion of the ftuel does not occur-

Partially oxidized fuel is acccrnzklted in- the corbssion clatbbe-r nifl

and nozzle area- As a result, the occurrence of abnormnally large, igntion

overapreasures during pulse -node flringn74 hav.e a deletnri-Oas efect, j;-

engine perforinance- The expulsio'n of these combustion intexrmediates-

with the exhaust proeducts can also lead to conamarination of the svacec raft

vehicle surfaces. Previvus work, bas established thatv the m-ajor con-su D-

uents among the residues from the cora-bust'in reactions between N-ps

and hydrazine derivatives are, the nitrate salts of the fruel !"i 23-

Ea>rlier work in our laboratory investigated the therm-ral decominnositi'on

of mononitrate an~d dinitrate salts of monomethy.1h-drazine (IMMTH) -4%7

which are th),e residues resultinge from the incomnplete combustion of N,0.

and MNM. Simultaneous rras s spectr'..vetric diff ercntial therinal analyses

of these cornwounds resulted in the evolution of 1 I identifiable sP-ci.s

This study has been. extenided to int-lude the thermal decornuosition of

nitrate salts of 1-ydra-tine.
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Figure 1. Vacuum differential thermogram and product
profile for hydraziziurn nitrate
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IIL RESULTS AND DISCUSSION

The differential thermograms and the zompositions of the evolved

gases versus temperature during the thermal decompositions of N- 4.

HNO 3 , N2 H7 " .HNO5 , and NH4NO 3 are plotted in Figs. 1-3. Identical

temperature scales are used for both graphs. The terminal exotherm

in the differential thermograms obtained in the decomposition at ambient

pressure was replaced by a large endotherm iii vacuum similar to that

reported for MMH" HNO 3 salts. The observed effect is the net result of

the heat released during thermolysis and heat - bsorbed upon volatilization

of the products. Apparently, the heat of vaporization of the substantial

amounts of water formed is the dominating factor in determining the shape

of the thermogram.

In Fig. 1. it can be seen that the major products evolved were water,

NO, and N 2, with evolution starting at approximately L09 C. Consider-

ation of only thes-- major kpecies indicates that the decomposition of

N2H4 - HNO 3 may be described by the following equation, which had

previously been proposed by Hodgkinson r7l:

4N 2 H4 " N0 3  5N 2 + ZNO 1C 1H O

Among the minor products found were N 20, NO 2, NH 3 , HN 3 , H2 , and 02.

A barely detectable quantity of hydrazine (not shown it Fig. 1) was obtained

in some of the runs. This is probably due to the dissoc-ation of the nitrate

salt. Further evidence for the occurrence of hydrazinium nitrate dissoci-

ation can be seer by a small spectral peak appearing at a mass number of

-9-



63, correspond~ing to HN0 3 Water a-,( N.0 were amnong the first

products evolved at Elie lower temperatures. The decomnposition wvasA

comrplete at about 255 0C.

The~ zecu.lts fr,n- the vacuum differential thermogramr and product

pi-ofile obtained from the decomposition of N~4 ZHNO3 are shown in

Fig. 2. In cfomparison to the mononitrate, water was released at lower

tcpraue tca 150 C) andrpater was manifested in the first endothezm

observed in the thermnogramis. In addition, a convsicerable quantity of

NO 2 was evolved at these temnperatures. In fact, NO., which -..as a mninor

product in NH~4- TINO, decomnposition, bef-ame one of the major species,I

together with water, NO, and N_. A substantially greater amount of iN3
3-

was also produced, whereas the remaining expected speci-es, N 0, NHi3
major~~~~~~~~~ p3dcs h eopoiinratozbrNH'Z 3 myb

H2 *and 0.,, were found as minor pr'- ducts. Again, with the observed

14 written as:

N HAZHNO c+NO+O 3P7

However, the decomposition rca-t'Au oi the double nitrate salt is very

complex, and the minor products can play an important role in detertrmrang

the relative quantity of the major species. Thus, no sin~gle equation can be

vwritten to represent accurately the species produced.A

Among the evolved species from the thermolyses of nitrate salts of -:

hydrazine, a gaseous product having a miass number of 43 was observed

and attributed to hydraz.-ic acid (IN 3) --his product is an extremely

shock- and heat-sensitive energetic compound that may be formed y

-10-



I, the nitrosation of the hydrazine followed by rearrangement and dehydration.

The presence of this explosive compound is consistent with the identification

of m ethylazide discovered in our previous work during the thermcdysis ofI 'mMIi. HNO 3 . These results are also arv~iogous to the resualts obtainedt b

Dauerman, et al r8l where H-N 3 was observed when N 204 cordensed on

N2 H 4 at a 13w temperature was allowed to warm up slovaly. These results

are of particular interest in that HN 3 would aiso be formed during the

operation of N 0/hydrazine bipropellant motors under high-altitude con-

ditions. Although this azide would not be accumulated under a low-pressure

environment, it nevertheless is capable of triggering the detonation of the

nitrate salts accumulated in the combustion chamber walls. Thus, ifJ

szufficient qjuantity of the combustion intermediate had been formed from

previous firings, the resultant effect would be, an abnormally high ign-ition

overpressure. Suach pressure spiking phenonienon had been observed in

the operation of bipropellant motors under a low-pressure environent.

The decomposition of ammon~ium nitrate '9 .7 has been described asI

INH NO N2H 0 1H.

The reaction, howvever, is m uch more complicated, as evidenc'ed by the

rslsshown in Fig. 3. In addition to water and NP, s-.naller amoui.as

0 f NO, N HL and N -mere also obtained. The f ormation of tne latter two

5pecies during thie decomposition of am noniumn nitrate has pre-;iously been

revo-Zed r?~ A small peak at mass nuimber of 63 (HNQ 3 ) was also observed.

No evider'ce for the presence of NO, %.,as found, although a small quantity



may have been present but was undetected since the mass spe--tra is

obscured by interfering compounds.

This study of the combustion intermediates from the reac-tion of

2 0 4 with hydrazine -tas defined the temperature range required forIthe removal oi these 'hvdrazL---e nitrates by thermal degradation. The

identil, of the evolved species and their respective concentrations as

a function of increasing temperature have also been obtained.

M
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